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ABSTRACT
The finfish communities using the intertidal surfaces of a bay-exposed marsh and a 
sheltered, channel marsh of the Goodwin Islands, York River, Virginia were studied from 
May to November 1994. Samples were taken approximately twice monthly using a flume 
weir at three stations in each marsh. Species composition, abundance and biomass were 
estimated, and growth patterns and production rates were described for the dominant 
species. A total of 3001 fish were collected from 11 species and 8 families. Fundulus 
heteroclitus dominated both marshes and accounted for 83.07% of the total number of fish 
caught, and 84.83% of the total biomass collected. Menidia menidia was the second most 
abundant species at 9.00% of the total number of fish, but F. majalis was second in the 
total biomass at 7.51% of the total. Abundance first peaked in June, and a second peak 
occurred in November. Biomass had a small peak in the beginning of August, and a large 
peak in late September. Analysis of variance showed the number of species captured did 
not differ significantly between the marshes. However, both the number of individuals and 
biomass were significantly higher in the protected marsh. Correspondence analysis showed 
that species composition in the protected marsh was mostly cyprinodontids, but in the 
open marsh species composition varied more throughout the sampling season. Species 
densities were highest at 9.8 ± 3.3 fish/m2 for F. heteroclitus in the protected marsh. 
Production for F. heteroclitus over the summer in the protected marsh was high at 10.1 g 
dry wt./m2 due to the large number of rapidly growing larval and juvenile fish.
FINFISH COMMUNITIES OF TWO INTERTIDAL MARSHES 
OF THE GOODWIN ISLANDS, YORK RIVER, VIRGINIA.
INTRODUCTION
This study evaluates the finfish communities using two intertidal marshes in the 
lower Chesapeake Bay, in order to provide new information on the productivity of 
intertidal, estuarine marshes. Estuarine marshes are highly productive habitats supporting 
not only high primary productivity, but also an abundant fauna including a large fish 
community (Weinstein, 1979; Boesch and Turner, 1984). Both estuarine-dependent 
species and a variety of transient, marine species use the marsh for some, if not all, of their 
life history stages. The physical complexity of marshes provides smaller fishes a refuge 
from predators and a profitable habitat in which to forage (Mclvor and Odum, 1988). The 
dense vegetation and shallow waters of the marsh prevent large fish from entering and 
preying on small fish. At low tide small fish remain in subtidal creeks often dwelling in the 
submerged vegetation, but as the tide moves in, the area submerged is extended 
considerably making this newly flooded area available for use.
Marshes provide a nursery ground for commercially and recreationally important 
marine species including young of sciaenids, summer flounder (Paralichthys dentatus), 
and striped bass (Morone saxitilis) (Shenker and Dean, 1979; Daniel, in press). Larvae 
and juveniles are able to grow in a protected environment before recruiting to the fishery 
stock. Their emigration can account for a substantial transfer of energy from marshes to 
coastal areas. Currin et al. (1984) found that spot (Leiostomus xanthurus) and croaker
2
3(Micropogonias undulatus) alone may account for 6 to 14 percent of the production flow 
out of marshes.
In addition to migratory marine species, large numbers of resident killifish, such as 
Fundulus heteroclitus, populate the marsh. Although these species may remain in the 
marsh throughout their lives, at low tide they become prey for marine species in the 
subtidal creeks. Thus, these resident species become a major link for energy transfer from 
marsh to marine ecosystems. Meredith and Lotrich (1979) measured production of 
Fundulus heteroclitus to be a minimum of 40.7 g wet weight/m2y. Valiela et al. (1977) 
found production rates as high as 64.0 g wet weight/m2y. These values are extremely high 
compared to other fish in the same geographical regions (Meredith and Lotrich, 1979).
These important marsh areas are in danger of being destroyed by development and 
other human activity (e.g., Boesch and Turner, 1984). To prevent excessive development, 
we need to provide information on the productivity of marshes. By studying the fish 
communities of the marshes, determining which species and size classes use the marsh, and 
estimating fish production one can attempt to quantify the marsh's value. However, the 
very characteristics that make marshes such valuable habitats also make them difficult to 
study. The shallowness and dense vegetation of marshes has forced most studies to 
concentrate in the subtidal creeks rather than on the intertidal marsh surfaces (Talbot and 
Able, 1984).
Subtidal marshes along the mid-Atlantic have been studied in detail. These habitats 
are characterized by a peak in abundance of fish in spring or early summer, with a second 
peak often occurring in late summer (e.g., Smith et al., 1984; Rountree and Able, 1992).
4The transient species most abundant in these samples include juvenile spot, croaker, and 
anchovies (Anchoa spp). Also abundant are resident marsh species such as F. heteroclitus, 
resulting in total numbers of species sometimes greater than 60 (Rountree and Able,
1992).
A study in the York River by Smith et al. (1984) compared the fish communities 
between oligomesohaline and polyhaline tidal creeks. Sampling once a month from March 
to October, they found species diversity low in both, with L. xanthurus and Anchoa 
mitchilli dominating the catches at both creeks. Species richness was found to be higher in 
the oligomesohaline creek.
Middleton (1986) studied the fish communities of an intertidal creek off Carter's 
Creek on the York River. He also found species diversity to be low with only five species 
making up 98 percent of the numbers caught. Middleton found L. xanthurus and F, 
heteroclitus used the creek for foraging purposes, while juvenile A. mitchilli, Menidia 
menidia, and F. heteroclitus used it as a nursery area. Brevoortia tyrannus moved into the 
creek in response to spatial pressure.
Daniel (in press) sampled four tidal creeks in the lower Chesapeake Bay region, 
including one running through the Goodwin Islands of the York River. The creeks were 
inhabited by resident killifish and many juvenile commercially and recreationally important 
species. In the catches from the Goodwin Islands, killifish and spot made up over 74 
percent of the number of fish, but juvenile spotted seatrout (Cynoscion nebulosus), red 
drum (Sciaenops ocellatus), and summer flounder also were present.
As with subtidal areas, intertidal marshes experience peak abundance in late
5spring/early summer with a second peak at the end of summer common (e.g., Hettler, 
1989; Yozzo et al., 1994). The intertidal areas are dominated by resident cyprinodontids 
(e.g., Talbot and Able, 1984; Rozas, 1992), although some transient juveniles such as spot 
will move up into these habitats (Shenker and Dean, 1979; Kneib, 1991). Compared to 
subtidal areas, intertidal marshes have a lower diversity.
Talbot and Able (1984) sampled surface marshes in New Jersey biweekly 
throughout spring and summer. Only nine species of fish were collected, most of which 
were larval and juvenile killifish, although Menidia beryllina were somewhat common. 
Species composition differed between different microhabitats such as, ditches, ponds and 
open marsh areas.
Hettler (1989) studied the fish communities of marshes bordering channels and 
rivulets in North Carolina. He obtained 35 species of fish with F. heteroclitus, L. 
xanthurus and Lagodon rhomboides (pinfish) dominating. He also found fish communities 
to differ between habitat types. Rivulet marshes had higher numbers of fish (averaging 785 
fish per 10 m marsh front), but fewer numbers of species than the channel marshes.
As mentioned before, the intertidal marsh surface is a difficult habitat to sample. A 
variety of sampling techniques have been developed to deal with the shallow water and 
dense vegetation, including pit traps, Wegener rings, and flume weirs. Pit traps are holes 
dug in the marsh surface with a collection dish in them. When the marsh drains, water 
remains in these traps causing fish to collect in the dishes (Kneib and Stiven, 1978). 
Although this is an easy way to collect fish, it is difficult to quantify the area of marsh 
sampled.
6The Wegener ring, or drop sampler, is an open cylinder generally half a meter to a 
meter in diameter. The ring is randomly thrown so that it stands on end, trapping fish in 
the water column, Rotenone, an asphyxiator, is then added to the ring, killing the fish and 
causing them to rise to the surface (Smith et al., 1984). Before removing the ring, 
potassium permanganate is added to stop the effect of the rotenone. An advantage to this 
method is that the exact sampling area is known. On the other hand, only small areas of 
the marsh can be sampled at a time, truly random and not haphazard sampling is difficult 
to ensure, fish may be scared off by the proximity of the scientists or by deployment of 
gear, and there are certainly concerns about adding a toxic agent to the marsh system.
A flume weir is a net deployed at high tide that encloses an area. As the water 
drains off the marsh, organisms are funneled into one end of the net and can be collected 
at low tide (Kneib, 1991). With a flume weir a known area of marsh, small or large, can be 
sampled, and collection of fish is relatively easy. Also, the structure can be left in the 
marsh indefinitely, allowing the same area to be sampled repeatedly for comparisons over 
time. However, sampling time is lengthy and it is difficult to set the net quickly enough to 
minimize the number of fish escaping from the area.
This study applied some of these marsh surface sampling techniques to evaluate 
the communities of two marsh habitats. The two marsh areas examined were a marsh open 
to the bay and a protected marsh on a channel through the islands. The objectives were 1) 
to count and identify to species the finfish using the marshes, 2) to estimate the population 
densities of these species, 3) to compare the fish communities between the two marsh 
habitats and over time, and 4) to describe the growth patterns of the dominant species.
7The hypotheses for this study was that the finfish communities would differ between the 
open and protected marshes and over time.
MATERIALS AND METHODS
Study Area. The Goodwin Islands are a group of islands at the mouth of the York 
River, Va., within the Chesapeake Bay National Estuarine Research Reserve in Virginia 
(CBNERRVA) (Figure 1). The islands are only accessible by boat, and public access is 
very limited. Therefore, the study area has been minimally disturbed by human activity, 
providing an excellent opportunity for research.
Intertidal marshes cover most of the islands. The low marsh is dominated by the 
tall form of Spartina alterniflora, whereas the high marsh is composed of monospecific 
stands of S. alterniflora, S. patens, Distichlis spicata, Salicornia virginica and Juncus 
roemerianus (CBNERRVA, 1991). Sampling was conducted in the low, intertidal marsh 
areas that completely flood at high tide, and completely drain at low tide. The protected 
marsh area was located along the long channel that winds through the middle of the 
islands, and was well protected from the bay (Figure 2). The marsh was heavily vegetated, 
and the substrate was muddy. The open marsh area was located at the mouth of a short 
channel between the main islands and Tue Point Island (Figure 2). This area was not as 
heavily vegetated, had a sandy substrate, and was exposed to wave activity from the 
Chesapeake Bay.
Sampling Design. After evaluating all possible collection methods, the flume weir 
was chosen for use in this study in order to repeatedly sample a large, known area of
8
Figure 1. Location of the Goodwin Islands in relation to the York River and Chesapeake Bay.
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Figure 2. Sampling stations located on the Goodwin Islands, York River, Virginia.
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marsh.
Three marsh-edge sites in each of the two marsh areas were sampled semi-monthly from 
May to November of 1994. Sampling was conducted during a daytime high tide, with a 
predicted high tide no lower than 2.2 ft. above mean low water. Predicted tidal heights 
were obtained from Gloucester Point tide charts produced by the Virginia Institute of 
Marine Science computer center. The flume weir enclosed an area of intertidal marsh 3 m 
long by 2.5 m deep, for an area of 22.5 m2. At all sites the framework poles were erected 
and left for the duration of the experiment creating permanent stations, but the nets were 
taken down after each sampling period. Only three flume nets were available, therefore 
sampling was restricted to one marsh area a day. The second marsh area was sampled the 
following day, or in case of inclement weather as soon thereafter as possible.
The nets were a 0.8 mm mesh, delta 35 lb.-test nylon seine from Nylon Net 
Company with a chain bottom edge. The nets wrapped around the poles enclosing all but a 
0.5 m section on the front side. A collection bag made out of the same netting material and 
attached to a PVC frame was placed in this section.
The nets were attached to the poles at least one hour before high tide, but not 
lowered, and left to allow the marsh organisms to settle from the disturbance. At high tide 
the nets were lowered and the collection bags put in place and attached to the main net 
with cable ties. The chain edge of the net was pushed into the sediment and inspected to 
ensure that there were no gaps. At each site water temperature (°C) and dissolved oxygen 
(mg/1) were measured with a YSI Model 57 Oxygen Meter, and salinity (ppt) was 
measured with a hand salinity refractometer. Once the sites were completely drained on
12
ebbing tide, the collection bags were removed and the sides of the flumes inspected for 
trapped fish. All fish captured were placed in approximately 20 percent formalin in 
seawater and taken back to the laboratory. The fish were rinsed with water and stored in a 
75 percent alcohol solution until measured.
In the laboratory the fish were counted and identified to species using identification 
guides by Hildebrand and Schroeder (1928), Lippson and Moran (1974), and Robins and 
Ray (1986). Vernier calipers were used to measure total lengths to the nearest 0.1 mm. 
Both wet and dry weights were recorded with an analytical balance to the nearest 0.001 g. 
For dry weights, the fish were placed in a drying oven at approximately 60°C until a 
constant weight was reached. For F. heteroclitus and M. menidia, dry weights of a 
representative sample were used to determine regression equations between dry and wet 
weights. Dry weights of subsequent individuals were then obtained from the wet weight 
measurements. The wet weight-dry weight regression equation (r2 = 0.98) for F. 
heteroclitus was:
ln(Dry Wt.) = 0.875815 x ln(Wet Wt.) -1.45433 
and the equation (r2 = 0.94) fo rM  menidia was:
ln(Dry Wt.) = 0.837725 x ln(Wet Wt.) -1.522
Statistical Analysis. For an overall view of finfish usage of the marsh areas, the
13
total number of species and individuals, and the total biomass were each pooled for a 
marsh area and plotted against time. Analysis of variance (ANOVA) was used to 
determine if numbers of species, individuals or biomass differed significantly between 
marshes or over time, with = 0.05. The three sites in each marsh served as replication in 
the ANOVAs. The null hypotheses for statistical tests was that there were no significant 
differences either between marsh types, or over time. Log (X+l) transformations were 
carried out on the number of individuals and amount of biomass before statistical tests 
were performed. In the ANOVA of the number of individuals, species were nested within 
marsh types because Species 1 in the protected marsh was the same species as Species 1 in 
the open marsh.
To further analyze community structure, measurements of species diversity (FT) 
and evenness (J') were calculated. The Shannon-Wiener Index measured species diversity 
(Pielou, 1975):
H' = - E  Pi log Pi 
where pf is the proportion in the ith category.
The species diversity is calculated on the log to the base 10 scale, with the unit of 
measurement the decit. Evenness, a ratio of the diversity index and the maximum value of 
the diversity index, was calculated by (Pielou, 1975):
14
where H '^  = log S
S = number of species.
Species assemblages were analyzed using CANOCO, a computer ordination 
program. Traditionally used by plant ecologists, ordination attempts to explain the 
variation in species composition by the variation in environmental conditions (Jongman et 
al., 1987). The ordination program produces a scatter plot with each point representing a 
single sample. Points located close to one another have a similar species composition, 
whereas point further away are dissimilar. The ordination program performed was 
detrended correspondence analysis. This analysis ensures that the spread of points along 
one axis is uncorrelated with the spread of points along another axis (Jongman et al., 
1987). The primary axis is the most important axis, and each axis thereafter decreases in 
importance. Each axis has an eigenvalue which is a measure of the amount of variance 
accounted for by that axis (Jongman et al., 1987). An eigenvalue of 0.5 or higher is 
considered statistically significant.
Average densities were obtained for the period each species used the marsh 
surface, and common species were analyzed for age composition of the population. 
Length-frequency distributions were plotted over time to reveal different cohorts, and 
chart their change in size and percent of abundance. For dominant species an estimate of 
production over the growing season was calculated. Production, or the total amount of 
fish tissue created, is a function of growth and biomass (Chapman, 1968). In the original 
production models by Ricker (1946) and Allen (1950) biomass is based on exponential
15
growth and mortality. However, for short time periods the exponential curves are close to 
straight lines; therefore, when estimating production over a small time period, relative to 
the fish's life, mean biomass can be calculated by averaging biomass of time one and time 
two (Chapman, 1968). The production model used is Chapman's (1968) adaptation of the 
original models:
P = GB
where G = (In W2 - In W t) / At
B = Bj + B2 /  At 
with P = production
G = instantaneous rate of increase in weight 
B = mean biomass 
W = average weight of individual.
RESULTS
A total of 10 periods were sampled. Due to inclement weather only monthly 
sampling was possibly during May, June, July and November. Tidal heights varied from 
2.3 to 3.7 ft above mean low water (Figure 3). Salinity ranged from 15 ppt to 25 ppt, with 
the low occurring in May and June, increasing to its highest value in November (Figure 4). 
Water temperature peaked in June at 29°C, and dropped to its lowest of 17°C in October 
and November (Figure 4). Dissolved oxygen (DO) ranged from 3.2 mg/1 to 8.7 mg/1 
(Figures 5 and 6).
A total of 3001 fish were obtained from 11 species and 8 families. The most 
abundant species were F. heteroclitus and M. menidia, representing 83.07% and 9.00%, 
respectively, of the total number of fish caught (Table 1). A peak in numbers first occurred 
in June with a total of 627 individuals, followed by a second peak of 795 fish in November 
(Figure 7). Biomass was dominated by F. heteroclitus at 84.83% of the total biomass, 
followed by Fundulus majalis at 7.51% (Table 2). A small peak in biomass of 481.05 g 
was found in the first part of August, while a large peak totaling 1053.64 g (over 25% of 
the total biomass) was found in the second half of September (Figure 7).
Community Analysis
Analysis of variance showed that the number of species caught was not
16
Figure 3. Total number of fish versus predicted tidal heights over the sampling period.
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Figure 4. Average temperature and salinity over the sampling period.
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Figure 5. Dissolved oxygen versus total number of fish in the protected marsh.
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Figure 6. Dissolved oxygen versus total number of fish in the open marsh.
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Figure 7. Total number of fish and total biomass for the combined marshes.
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significantly different between the marshes or over time, and there was no significant 
interaction effect between marshes and time. Figure 8 shows the average number of 
species caught in each marsh over the sampling period. Both habitats had similar increases 
and decreases in the number of species captured.
Table 3 shows that the number of individuals caught was significantly different for 
different species and between the two marshes. No significant difference was found in the 
numbers of individuals over time; however, there were significant interactions between 
marsh type and time, and species, marsh and time. Figure 9 shows the difference in 
abundance between marsh habitats over time. Average densities were calculated for the 
common species (Table 4). F. heteroclitus had the highest density of 9.8 ± 3.3 fish/m2 in 
the channel mashes. M. menidia, Paralichthys dentatus, and Opsanus tau were the only 
common species more abundant in the bay-exposed marshes than the channel marshes.
Analysis of variance shows that the amount of biomass was significantly different 
between the two marshes, but not over time, nor was there an interaction effect between 
marsh type and time (Table 5). The difference in biomass from the two marsh areas and 
during different sampling periods is shown in Figure 10.
Species diversity and evenness for each marsh type and sampling period are listed 
in Table 6. The highest species diversity, with a value of H ' = 0.49 decit, was found in the 
open marsh in the second August sample. Evenness reached its highest of 0.85 (of a 
possible 1.0) also in the open marsh but during the second October sample.
Figures 11, 12, and 13 are the CANOCO output for examining species 
assemblages. Figures 11 and 12 are sample scores with the samples separated by marsh
Figure 8. Average number of species caught in the protected and open marsh areas.
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Figure 9. Difference in total number of fish caught in the protected and open marshes.
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Figure 10. Difference in the total biomass collected in the protected and open marshes.
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Table 6. Species diversity (H'), and evenness (J') in parentheses for each sample period 
and marsh type, as calculated by Pielou (1975).
Sample Period Marsh Type
Protected Open
May 0.33 0.27
(0.69) (0.39)
June 0.12 0.12
(0.17) (0.25)
July 0.24 0.33
(0.40) (0.55)
August 1 0.46 0.31
(0.59) (0.44)
August 2 0.28 0.49
(0.40) (0.63)
September 1 0.23 0.24
(0.38) (0.40)
September 2 0.08 0.29
(0.17) (0.60)
October 1 0.16 0.14
(0.27) (0.23)
October 2 0.34 0.41
(0.57) (0.85)
November 0.03 0.10
(0.06) (0.33)
Figure 11. Correspondence analysis scatter plot of samples separated by marsh. P represents the 
protected marshe samples, O the open marsh samples.
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Figure 12. Correspondence analysis scatter plot of samples separated by season. O represents 
spring, * represents summer and A represents fall samples.
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Figure 13. Correspondence analysis scatter plot of species collected and environmental variables.
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and season, respectively. For the season plot, May and June were considered spring 
samples; July, August and September were summer samples; and, October and November 
were fall samples. Also shown are the environmental variables. Salinity had the longest 
vector and increases along the horizontal axis. Both temperature and dissolved oxygen 
were more closely associated with the vertical axis. The eigenvalue for the first ordination 
axis was 0.4585 approaching the standard significance level of 0.5. Samples from the 
protected marsh range from 0.5234 to 1.5559 on the first ordination axis, while values for 
the open marsh range from 0 to 2.6794. From Figure 12, spring values ranged from 
0.0166 to 1.4013, summer from 0 to 2.5571, and fall from 1.0130 to 2.6794. Figure 13 
shows the species scores. Both M. menidia and L. xanthurus fall along the negative 
portion of the first ordination axis, the Cyprinodontidae fall in approximately the 0.5 to 1.5 
range, with the rest of the species occurring at values greater than 2.0.
Species Analysis
F. heteroclitus was the dominate species in both numbers and biomass. It was the 
only species present in every sample, and was only outnumbered in the May open marsh 
sample by a large catch of M. menidia. Length frequencies were plotted for each month 
and were used to separate the different cohorts and estimate their average total length and 
percentage of the population (Figure 14). Kneib and Stiven (1978) determined the 
approximate standard lengths for each age class. Young-of-the-year fish are 35 mm and 
less in length, Age 1 fish range from 35 to 50 mm, Age 2 from 50 to 60 mm, and Age 3 
from 60 mm and up (Kneib and Stiven, 1978).Young-of-the-year dominated most catches
Figure 14. Length frequency distributions of Fundulus heteroclitus for the protected and open
marsh areas.
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in the protected marsh until September.
In May, young-of-the-year fish, ranging in size form 4 to 11 mm, comprised 60 
percent of the population. This size range included hatchlings to approximately one-month 
old fish (Taylor et al., 1979). Because of the low abundance of this sample the separate 
cohorts could not be distinguished. Older fish age 1, 2, and 3 comprised 40 percent of the 
population.
In June there was a large peak in larval and juvenile abundance, with older fish 
making up only a minimal percentage of the population. A cohort of about 40 percent of 
the population with an average total length of 23 mm was probably a cohort spawned late 
in the previous summer. Two larval/juvenile cohorts could be separated, Cohort 1 
averaging 12 mm total length, and Cohort 2 averaging 8 mm. Combined, these two 
cohorts made up nearly 60 percent of the population.
A gradual reappearance on the marsh surface of mature F. heteroclitus occurred in 
July. Adults made up approximately 17 percent of the population. The cohort spawned 
late the summer before reached an average total length of 25 mm and accounted for 25 
percent of the population. Larval and juvenile fish made up nearly 60 percent of the 
population. Cohort 1 had grown to 16 mm total length, and Cohort 2 approximately 10 
mm total length. There was also a small amount of newly hatched individuals.
In the beginning of August, mature mummichogs (F. heteroclitus) dominated for 
the first time, making up 65 percent of the population. Abundance, however, had 
decreased considerably from June and July. By this point cohorts were difficult to 
distinguish because abundance was low and the size ranges of the many cohorts
39
overlapped. However, another new cohort could be distinguished with an average total 
length of 6 to 7 mm.
The second half of August was again dominated by young-of-the-year. Older year 
classes made up less than 20 percent of the fish. Juvenile fish accounted for 65 percent of 
the population with the overlapping cohorts non-distinguishable. Another new cohort 
made up 15 percent of the population and averaged 7 mm total length.
By September, presence of older F. heteroclitus was back up at nearly 80 percent. 
The first September sample had a couple individuals from the last new cohort of the year. 
By the end of September the population could be broken down into two normal 
distributions, one of older fish making up almost 80 percent of the population, and the 
second consisting of young-of-the-year fish with an average of 25 mm total length.
After the second September sample, the length frequencies formed a single normal 
distribution with young-of-the-year comprising the tail end. Both the late October sample 
and the November sample had no fish greater than 80 mm total length (Age 3 fish).
Because of the low numbers of individuals caught in the open marsh, cohorts were 
difficult to estimate. In general, young-of-the-year made up less of the population 
compared to the protected marsh. June and the first half of August were the only samples 
with larval mummichogs collected. June had the highest percentage of larval and juvenile 
fish at just over 40 percent. July and August had individuals mostly in the 20 to 55 mm 
range. After September no individuals less than 25 mm total length were caught in the 
open marsh.
Fundulus majalis was second highest in total biomass. Its change in abundance
40
and biomass are shown in Figure 15. Monthly length frequencies for F. majalis are given 
in Figure 16. No individuals less than 14 mm were collected at either site. The frequency 
of occurrence was too low to chart different cohorts over the growing period. Although 
the number of individuals caught were low, most sampling periods had a variety of size 
classes represented.
The Atlantic silverside (Af. menidia), the second most abundant species caught, 
was present in samples from May through August (Figure 17). One cohort of Atlantic 
silversides was caught with the length frequencies plots presented in Figure 18. In May 
average total length was 19 mm, and by the end of September average total length was 53 
mm, resulting in an average growth of 11.3 ± 2.1 mm/month.
Production
Only F. heteroclitus was caught with enough frequency to estimate production 
over the growing season. Production was estimated monthly for each marsh type (totaling 
22.5 m2) from May through September, and summed for a seasonal estimate (Tables 7 and 
8). The protected marsh production was 10.1 g dry weight/m2. Production for the open 
marsh was -1.1 g dry weight/m2.
Figure 15. Total number of fish versus biomass of Fundulus majalis.
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Figure 16. Length frequency distributions of Fundulus majalis for combined marshes.
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Figure 17. Total number of fish versus biomass of Menidia menidia for combined marshes.
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Figure 18. Length frequency distributions of Menidia menidia for combined marshes.
M e n id ia  m en id iu  I^englli F re q u e n c y
M a y
t 4  7  i a x < s 82225281 13 43 ■ » « : « « «  253 S »  KS4S77CJ73 
L e n g t h  ( m m )
3
2
t
O
1 4  7  1 0 1 3 1 6 1 92Z 252S3 13437*0*3464 0 5 2 5 5 5 8 5 1 6 ^ 5 7 7 0 7 3
L e n g t h  (n
J u l y
7
6
5
4
3
2
1
O
I 4  7  K X 3 1 6 1 9 2 2 2 5 2 8 3 1 3 4 3 7 4 0 4 3 4 6 4 9 5 2 5 3 5 8 5 1 6 4 6 7 7 0 7 3  
L e n g t h  ( m m )
A u g u s t  S a m p l e  I
1 4  7  1CX 316 t  9 2 2 2 5 2 8 3 1 3 4 3 7 4 0 * 3 * 6 * 5 6 2 5 5 5 8 6 1 6 4 6 7 7 0 7  3 
L e n g t h  ( m m )
A u g u s t  S a m p l e  2
1 4  7  lO t 3 1 6J 9 2 2 2 5 2 8 3 1 3 4 3  7 4 043464  9 5 2 5 5 5 8 5 1 6 4 5 7 7 0 7 3  
L e n g t h  ( m m )
c0coco
<D
CO
00
C
1  
00
D
6
6
S
U h
!>o
- C
203
a
*T3
<D<4-^O
<D-»-*
8
O h
<L>J3
CQ
X
O
ii
O h
N
a
OS o CM 'o *
» o
CO1
wS
CO
00
rH1
«n
CM
l>
CM
CM ©
II
CQ
COco
cd
ao
pa
V OWO coTtCM
CM
o
O N
t-H On (M 0 0VO
CM
0 0 Oo s CM
CO S t-H CM r -t-H t-H CO t-H
o
£
00
VO
OS
o
I CO rH r -■«
*)
t-H iI CM| t-H rHI CM
S3
a
cd
- 3 a
O h
^ 3 cd
K -£3 rH Os t-H sp i>
S o O n 0 0 CM l> DO
t*H
i-H
o X )
rH
rH
i c o1
©
CM■
o
CO•
CO
©1
P h T3
CO
<D
cd
B
<DH-»
cd
3
o
3
T t t-H CM VO o
3
o
O CO CO t J- o
3 CO o t-H o r -
(D CO © © O © ©a cd
. g rt
o a
* § woo CM
t-HOh
i>
-8
CM
H-S
£ M
on
th
M
ay
Ju
ne
Ju
ly
A
ug
.
Se
pt
.
3 t-H
X 3
H 0 0
£
ed
'S
* 3
a
W-l
O
D
00
2
CL)>
ed
II
£
a
i
c s
£
c
1)oo
-*-*
£
2
00
co
oo
<Dcs
cd
aedH-»
CO
C
o
pa
+
pf
CO
CO
cd
ao
(D
00
cd
t-H
(D
>
cd
II
pa
a0vs
03<u
V3
00c
1
00
Wh<Ua
i
C0
J8
«M
o
43
22
03
6
c
&O
4§
PQX
O
n
Pn
PQ
oo
Ov
00
<N
(S
*4vs CS VO
03 lo VO
B VO OvO l> t>
S cs t-H
00
vri
©
VO
vo
cs
a
oo 2  I d
9  3  ^
•ii
CO
cs
tH CS rHS ' VO VOcq vq 00
co rH CS
9V.
£
►s;
oovoOv
a03
B
O
a O h
ed
| o §
t-io X) 3(M TD
V S£03
B
2
eCj
3_o 9o
■*-» 3v s
< o
o
v s £C 03,o C4 *
B*-+-»o
p
T3 vq
O cs4—I
Oh (S -t—>G
00
-4-5
£
>*
O
s
3
03
>-iT3
H 00
©
4>
a  g
lO VO
d
S '
o
co S ' Ov O t>
rH S ' cs Ov VOO S' Ov CS vq
O o rH rH rH
0 0 cs vo vo rH
0 0 S ' S ' o Ov
OV VO rH cs rH
O d d d d
>> 00 
£  I ^  I<U oC/D H
cd
pT3
T3C
<4-10
'W
1§).
1<uoo
2 <L>>
03
II
£
£
eT
C
CS<u
•o ; — (+-I 
(4-1 <Uoo
2
00vsPo<DP
03
C3 
03 
'«—>coa
O
r4
PQ
+
PQ
vsvss
eO
CD00
2
£c3
PQ
DISCUSSION
Community Analysis
The number of species caught did not differ significantly between the marsh types 
or over time because of the consistently low number of species found on the marsh 
surface. The number of species found in either marsh habitat on any sample day ranged 
from two to six, with a total of only 11 different species caught. This also is reflected in 
the very low species diversity indices. Other researchers who have sampled the marsh 
surface (e.g., Talbot and Able, 1984; Hettler, 1989) also found a small number of species.
The channel on which the protected sites bordered was sampled during the 
summer and fall of 1989 by Daniel (in press). Seven of the eight species found on the 
marsh surface were obtained in Daniel's samples, and similarly F. heteroclitus was the 
dominant species. However, considerably more species were captured in the channel 
including juvenile spotted seatrout and red drum. And, although F. heteroclitus was the 
dominant species, it comprised only about 42 percent of the total catch compared to 83 
percent on the marsh surface. Fundulus majalis and L. xanthurus both made up a larger 
percent of the total catch in the channel than on the channel marsh surface. It is apparent 
that although these species had access to and did use the marsh surface, it was primarily F. 
heteroclitus that exploited this habitat.
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Like the protected marsh, the open marsh only had a handful of species using it at 
one time; however, this area was frequented by a few more species than the protected 
marsh. Several uncommon species, all of the oyster toadfish, and all but one of the 
summer flounder were collected only in the open marsh. Whereas, only one species, the 
sheepshead minnow (Cyprinodon variegatus), was caught exclusively in the channel area. 
Evenness values in general were higher in the bay-exposed marshes indicating that 
abundance was less skewed towards one species in this area.
Although analysis by CANOCO did not show statistically significant differences in 
the species assemblages between the marshes or over time, some trends can be seen. In 
Figure 11, the salinity axis closely parallels the first ordination axis. Because salinity 
increased with time we can assume time is increasing along the first ordination axis. The 
plot of the species scores agrees with this. Cyprinodontids were caught throughout the 
sampling months and are therefore located in the center of the figure. On the negative side 
of the first ordination axis, which would correspond with earlier samples, were spot and 
Atlantic silversides. Spot were caught only in the first two months of sampling, and over 
75 percent of silversides were caught in the first month alone. The majority of summer 
flounder, oyster toadfish (Opsanus tau) and naked goby (Gobiosoma bosci) were caught 
in the second half of sampling, and are therefore found further along the first axis.
The plots of species scores and sample scores can be compared, and a species 
plotted in the same area on the figure as a sample can be considered a characterizing 
species for that sample community. For instance, Sample #008 (June protected marsh) is 
in the same position as F. heteroclitus. By looking at the fish collected in the June
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protected marsh sample we see that almost 95 percent of the individuals were F. 
heteroclitus.
In the sample score separated by marsh type (Figure 11), protected marsh samples 
are grouped in the center, the same area as the cyprinodontids. This implies that the 
species assemblages of the protected marsh samples were all fairly similar and were 
dominated by killifish. The open marsh samples, however, are more spread out along the 
first axis. This means that the species assemblages varied more among these samples.
From the seasonal sample scores, we see a gradual shift in the change of species 
assemblages due to transient juveniles. The spring samples are all on the left half of the 
figure, the representative species in these samples are killifish, spot, and silversides. The 
summer samples are spread along the entire axis indicating that most of the species were 
found at some point in the summer. Fall samples are found to the right of the figure, and 
can be characterized by killifish and a different set of transient juveniles such as summer 
flounder.
Few species take advantage of the flooded marsh surface because the 
environmental conditions can be harsh. In the heat of the summer the shallow water on the 
marsh surface can become extremely warm causing stress to the fish. The combination of 
the warm water and high fish activity can deplete oxygen to levels that only hardy fish can 
handle. Also, fish behavior can preclude a species from using the marsh surface. For 
instance, menhaden (B . tyrannus) are filter feeders and the dense vegetation on the marsh 
surface prohibits this feeding behavior (Hettler, 1989). Another species never found on the 
marsh surface is croaker because they prefer deeper water (Hettler, 1989). Therefore, only
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a narrow range of species, mostly killifish, can tolerate the conditions on the marsh 
surface.
Although the number of species using the two marshes did not differ greatly at any 
given time, the number of individuals and the total biomass did. Both habitat types showed 
the same trends typical of marsh environments, a peak in numbers of individuals in the 
spring, and a peak in biomass in late summer/early fall. However, both abundance and 
biomass were considerably higher in the protected marsh than in the open marsh due to the 
high abundance of F. heteroclitus in the protected area. Density of F. heteroclitus was 
over seven times higher in the protected marsh. Both habitats were located on the same 
group of islands, therefore environmental conditions such as salinity and temperature were 
very close, if not identical, for any given sampling period. Also, dissolved oxygen which 
could have varied between the two areas did not differ much, as seen in Figures 5 and 6. 
The two marshes did, however, differ in sediment and vegetation. The protected marsh 
had a soft, muddy bottom whereas the open marsh had a sandy bottom. The Spartina 
alterniflora shoot density was higher in the open area in the spring, but by summer density 
decreased there and increased in the protected area. Also, wave activity was much greater 
in the open marsh than in the protected marsh. These conditions influenced which species 
and size classes used the marsh areas.
Species Analysis.
F u n d u lu s  h e te r o c li tu s
F. heteroclitus used the two marsh types differently. The protected marsh had
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large numbers of individuals, especially juveniles. Larval and juvenile fish accounted for at 
least 60 percent of the population from May through August, with the exception of the 
first August sample. Whereas, the open marsh had a much lower abundance with very 
little use of this area by larvae or young juveniles. The protected marsh was a habitat more 
suitable to these young-of-the-year mummichogs. The bank edge of the channel was much 
steeper than the gradual slope to the bay, making access to the channel marsh more 
difficult for larger fish preying on the young killifish. Also, the substrate was muddy with 
many small holes and burrows which could be used if the fish were caught on the marsh at 
low tide. Taylor et al. (1979) found that larval mummichogs less than 10 mm in length 
often remained on the marsh surface during low tide in pools of only 1 to 3 cm depth and 
10 cm in diameter. In addition, wave energy was less in the channel area, making it more 
suitable for the smaller fish. The dense vegetation may also have provided a better refuge 
in these marshes.
In studying the correlation between the lunar cycle and F. heteroclitus spawning, 
Taylor et al. (1979) found peak spawning occurred high on the marsh surface at night 
during the spring high tides. The desiccation-resistant eggs deposited on grass blades or in 
mussel shells require 8 to 9 days to develop, with hatching often occurring during the 
following spring tides (Taylor et al., 1979). This could produce a new cohort of 
mummichogs every two weeks. Recently-hatched fish average around 6 to 8 mm in length 
(Taylor et al., 1979), and can grow at a rate of 5 percent of their total body weight per day 
(Kneib and Stiven, 1978), Newly-hatched fish were captured in every protected marsh 
sample from May through the first half of September, with peaks in June and July. In
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contrast, newly-hatched mummichogs were caught on the open marsh surface only in June 
and the first part of August, with these catches consisting of few fish. This indicates that 
the protected marsh surface was heavily used as a nursery area by F. heteroclitus, while 
the open marsh was not.
In May, young fish ranged in age from newly-hatched to approximately one-month 
old. Therefore, mummichogs began spawning by at least early April. Because of the high 
number of young-of-the-year fish in June, the growth of cohorts could be tracked in July. 
The 8 mm cohort increased in length by 25 percent, and the 12 mm cohort increased by 33 
percent, both grew at approximately 5 percent of their body weight per day, the growth 
rate found by Kneib and Stiven (1978). Further tracking of individual cohorts was not 
possible because of the constant addition of new cohorts, and their overlap in size.
Adult mummichog use of the protected marsh over the summer was not as 
consistent as larval and juvenile use. The population was 40 percent adult in May, then 
decreased to minimal percentages in June and July. In the first August sample adults 
dominated, but dropped to low numbers again in the second half of August. By fall, 
however, adults began consistently to use the marsh surface. The reason for the sporadic 
adult use in the summer may depend on the adults moving onto and off of the marsh 
surface due to the spawning cycle. Possibly, mummichogs favor the new moon spring tide, 
rather than full moon spring tide for spawning on the marsh surface. The May, June, July, 
and second August samples were taken on days on or near the full moon, and all had low 
adult densities. However, the first August and September samples were taken on or near 
the new moon, and had high adult abundances. Also, the two peak larval abundances
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occurred in the June and July samples. These newly-hatched mummichogs would have 
been spawned during the previous spring tides, which occurred during the new moon 
phase. During the fall, the adults may have begun to use the surface more due to a 
depletion of prey or an increase in predators in the channel. Also, as the temperatures 
began to drop, the water on the marsh surface would have heated up more during the day, 
which would also draw more adults. After September very few fish £ 85 mm total length 
(Age 3) were found on the marsh surface. This may have been due to a high mortality rate 
for this age group (Valiela et al., 1977). The sharp peak in abundance in November was 
most likely caused by a climate change. Air temperatures had begun cooling considerably 
in October inducing winter hibernation of mummichogs in burrows on the marsh surface. 
However, air temperatures warmed up in the beginning of November bringing 
mummichogs out of their burrows.
Use of the open marsh surface by F. heteroclitus was much less than on the 
protected marsh. Because of the low numbers of individuals the different cohorts could 
not be tracked, however the length frequencies do show some trends. The open marsh was 
used mostly by adult fish, with juveniles found only during the months of June and August, 
and even then they were found in low numbers. This indicates that the protected marsh 
offers a more suitable nursery area for F. heteroclitus than does the open marsh. In early 
summer the population was dominated by fish £ 45 mm total length (Age 2). In July there 
was a shift in the population to fish 25 to 50 mm total length (Age 1). In early fall, all Age 
1 and older fish began using the marsh surface consistently. And, similar to the protected 
marsh, by November few Age 3 fish were left in the population. The difference in the
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population structure of these two marshes was also reflected in the production estimates.
Production in the protected marsh was 10.1 g dry weight/m2 over the growing 
season. This value was close to the values found by Valiela et al. (1977) of 16 g dry 
weight/m2, and Meredith and Lotrich (1979) of approximately 10 g dry weight/m2. A 
significant portion of this production was due to the growth of juveniles on the marsh 
surface (Meredith and Lotrich, 1979; Kneib, 1984). The open marsh, however, had a 
negative production value. The number of fish found in this area was much less than in the 
protected marsh, and few of these individuals were juveniles with high growth rates. 
Therefore, the production estimates reflect the lack of young growing fish. Instead, 
production was based on a low number of slow growing fish, with the number of fish 
decreasing even more by the end of the growing season due to predation or emigration. 
This loss of biomass resulted in a negative production value.
Other Cyprinodontidae
Of the other killifish using the marsh surface, Fundulus majalis was the most 
common. Average density was over seven times higher in the channel marsh than the bay- 
exposed marsh. Like F. heteroclitus, F. majalis peaked in abundance in June, while 
biomass peaked in late September. This peak in abundance was only a small one of 22 
individuals, showing that although striped killifish were caught throughout the sampling 
period, they were not nearly as abundant on the marsh surface as mummichogs. Also, only 
in June were juvenile striped killifish prevalent, and even then they were mostly larger 
juveniles. This indicates that these marsh areas were not an important nursery area for F.
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majalis.
The rainwater killifish (Lucania parva) and sheepshead minnow (Cyprinodon 
variegatus) were the only other cyprinodontids collected. Rainwater killifish were over six 
times more abundant in the channel areas than the bay-exposed areas, and sheepshead 
minnows were collected only in the channel samples. Both species were caught much less 
frequently than either Fundulus spp. with the first appearance of L. parva not occurring 
until July.
M e n id ia  m e n id ia
M. menidia spawn in the marsh in late spring and early summer with the young 
remaining in shallow waters until the winter migration offshore (Conover and Ross, 1982) 
Atlantic silversides were present in samples through August, with the largest sample taken 
in May. Density was five times higher in the open marsh due to the large May catch. The 
less dense vegetation in the open marsh was probably preferable to this schooling fish.
A single cohort was evident from the length frequencies, allowing growth to be 
tracked. The summer growth was rapid, ranging from 9 mm/month to 15 mm/month. 
These growth rates were similar to other mid-Atlantic rates (Conover and Ross, 1982). 
The silversides left the marsh surface when they reached approximately 60 mm total 
length. Daniel (in press) found M. menidia in samples through October. The silversides 
probably moved off the marsh surface during the summer and remained in creeks until the 
fall/winter migration to the bay.
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L e io s to m u s  x a n th u r u s
Spot were found on the marsh surface only in May, with an average density of 0.7 
± 0.5 individuals/m2 in the open marsh and 1.2 ± 0.5 individuals/m2 in the protected marsh. 
This was low compared to Weinstein's (1979) average of almost 8 individuals/m2 in a 
North Carolina marsh. However, he found peak abundance occurred in March and April, 
with average abundance dropping below 2 individuals/m2 in May. This coincides with 
other researchers who found larval and juvenile spot abundance on the marsh peaking in 
early spring, and moving out of the shallower areas by May (Currin et al., 1984). Chao 
and Musick (1977) found spot first entered the York River in April. Young-of-the-year 
spot used the marsh surface as a nursery area from late winter/early spring until April or 
May, when they emigrated to the deeper areas of the river.
Of the four sciaenids commonly found in the York River (Cynoscion regalis, 
Bairdiella chrysoura, Micropogonias undulatus, and L. xanthurus), only L. xanthurus 
was found on the marsh surface during the sampling period. Chao and Musick (1977) 
found spot to be the most abundant sciaenid in water <, 1.5 m in depth. They found 
weakfish (Cynoscion regalis) prefer lower salinities and were more abundant in the 
Mattaponi and Pamunkey Rivers. As mentioned before, croaker and possibly silver perch 
(Bairdiella chrysoura) prefer deeper water and are therefore not found on the marsh 
surface.
CONCLUSION
Finfish usage of intertidal marshes varies considerably depending on marsh type 
and season. Two marsh surfaces of the Goodwin Islands were examined over the summer 
growing season, and compared for species and size classes present, and fish production. 
One marsh type studied represented a habitat sheltered from the bay, with low wave 
activity, dense vegetation, and a muddy substrate with many burrows. The second marsh 
was an example of an exposed habitat, influenced by wave activity from the bay, with less 
dense vegetation, and a sandy, smooth substrate.
The calm, sheltered marsh was exploited by only few species mainly 
cyprinodontids, or killifish, and the same species were present throughout the entire 
sampling period. Abundance was high for all size classes of the dominant fish Fundulus 
heteroclitus. The dense vegetation of this area provided the adults a refuge from predators 
and a place to forage . The physical characteristic of low wave activity provided an 
excellent nursery area for larval and juvenile fish, and the small burrows in the mud 
allowed them to remain on the marsh surface during low tide further escaping predation. 
The high abundance of both rapidly-growing young-of-the-year fish, and large adults 
resulted in high production rates. This production is transferred from the marsh to the 
estuary when fish move off the marsh surface at high tide and become food for larger, 
transient individuate. In addition to marine organisms, waterfowl feeding on these small
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fish also benefit from the high productivity.
The fish community found on the open marsh significantly differed from the 
protected marsh community. Few fish species were found on the marsh surface at any 
given time; however, more species were found to use this area over the sampling period. 
The species assemblage changed over the seasons, because it was more accessible to 
transient marine species. The fish communities of this marsh type differed not only in the 
species present, but also in the size classes and abundances of these species. For the 
dominant species, F. heteroclitus, large juveniles and adults dominated, although their 
abundances were less than on the protected marsh. Due to the less dense vegetation, this 
area was more accessible to larger predators possibly causing the low abundances. The 
high wave activity and lack of small burrows made this area unsuitable for larvae and 
young juveniles. In general, the fish community in this habitat was constantly changing 
with different species moving on and off the marsh surface. The shift in species together 
with the lack of fast-growing juveniles caused low production rates. This does not mean, 
however, that this marsh type does not provide a significant transfer of biomass 
production from marsh to estuary.
In conclusion, calm, sheltered intertidal marshes are highly productive areas with a 
stable fish community of resident marsh species. High-energy, exposed marsh surfaces 
provide a temporary habitat for transient species, resulting in a shifting species 
assemblage. This study shows that these marshes, and similar marshes along the mid- 
Atlantic, are important habitats for a variety of fish communities, and should be protected.
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